Human mesenchymal stem cells form multicellular structures in response to applied cyclic strain.
Mesenchymal stem cells (MSCs) are a component of many cardiovascular cell-based regenerative medicine therapies. There is little understanding, however, of the response of MSCs to mechanical cues present in cardiovascular tissues. The objectives of these studies were to identify a model system to study the effect of well-defined applied cyclic strain on MSCs and to use this system to determine the effect of cyclic equibiaxial strain on the cellular and cytoskeletal organization of MSCs. When exposed to 10%, 1 Hz cyclic equibiaxial strain for 48 h, MSCs remained viable, retained characteristic gene and protein markers, and rearranged to form multicellular structures defined as clusters and knobs. This novel observation of cluster (overlapping cells surrounded by radial cellular projections) and knob (more dome-like structure containing significantly more cells than a cluster) formation did not involve changes in cytoskeletal proteins and resulted from cellular rearrangements initiated within 8 h of applied strain. Observed cellular responses were found to be dependent on substrate coating, but not on cell density for the 8-fold ranges tested. This system can thus be used to study the mechanoresponse over hours to days of MSCs exposed to applied cyclic strain in the context of cell-cell and cell-matrix interactions.